proper evaluation. The evaluation of this large germplasm collection is feasible only for the traits which can be scored easily and do not show genotype by environ-
proper evaluation. The evaluation of this large germplasm collection is feasible only for the traits which can be scored easily and do not show genotype by environ-C hickpea is a major food legume in many countries ment (G ϫ E) interactions. However, for applied plant including Algeria, Ethiopia, India, Iran, Mexico, breeding research the evaluation often requires repliMorocco, Myanmar, Pakistan, Spain, Syria, Tanzania, cated field evaluation and the traits of economic imporTunisia, and Turkey. In 1997, it was cultivated on 11.33 tance often display G ϫ E interaction. This implies that million hectares in the world with 8.80 million tonnes the main collection needs to be reduced to a manageable produced. Of the world production, 91% is produced level. Recognizing this, Frankel (1984) proposed that in Asia, 3.0% in Africa, 1.0% in Europe, 2.5% in North the collection should be pruned to a manageable sample and Central America (mainly Mexico), and 2.4% in or core collection. The core subset would be designed Oceania (mainly Australia). In Asia, India accounts for to minimize repetitiveness within the collection and it 70.6% of the area and 74.8% of the production. Other should represent the rich genetic diversity of a crop. important Asian countries such as Iran, Myanmar, Paki-
The core collection could serve as a working collection stan, and Turkey account for 26.9% of the area and which could be extensively examined, and the accessions 22.6% of the production. The productivity in these counwhich are not included in the core subset would be tries ranges from 0.49 t ha Ϫ1 in Iran to 0.93 t ha Ϫ1 in designated a reserve collection (Frankel, 1984) . The inTurkey. The average world productivity of 0.78 t ha Ϫ1 formation derived from extensive studies on the core is rather low. Improving the genetic potential of this subset could be used to guide more efficient utilization crop for yield is the major objective in most improveof the much larger reserve collection (Tohme et al., ment programs (Singh, 1987) . In addition, resistance to 1995; Brown, 1989b) . ascochyata blight [caused by Ascochyta rabei (Pass.) Frankel and Brown (1984) and Brown (1989a Brown ( , 1989b cluster will depend on the strategy used.
The ICRISAT chickpea collection was first stratified by
Since the original proposal of Frankel (1984) and van Hintum, 1995); chickpea (Hannan et. al., 1994) ;
ing chickpea accessions held at the ICRISAT genebank. The annual and perennial medicago species (Medicago spp.) data on 13 traits in each group was standardized using the (Diwan et al., 1994; Basigalup et al., 1995) ; perennial range of each variable to eliminate scale differences (Milligan glycine (Glycine Willd.) (Brown et al., 1987); cassava and Cooper, 1985) . The standardized data was subjected to (Manihot esculenta Crantz), (Cordeiro et al., 1995) ; cofthe hierarchical cluster algorithm of Ward (1963) at an R was analysed by the 2 test. The Wilcoxon (1945) rank-sum non-parametric test was performed with the SAS NPAR1-
MATERIALS AND METHODS
WAY procedure (SAS, 1989) , to determine whether the core subset represents the entire germplasm collection for each of We used 16 991 accessions from 44 countries for selecting the core subset for chickpea including 165 accessions where the 13 traits. To know whether these associations, which may core subset (734 accessions, 37.5%) reflected the past cooperation of ICRISAT and Indian National Program on the collection and conservation of this crop.
RESULTS AND DISCUSSION
Differences among means of the entire collection and The procedure used to select the core subset for core subset were found significant only for days to matuchickpea resulted in the selection of 1956 accessions rity, tertiary branches, and 100-seed weight (Table 2) . from the ICRISAT germplasm collection. The composi-
The variances of the entire collection and core subset tion of the core subset reflected the predominance of were homogeneous for all the traits except tertiary germplasm from Asia in the entire collection in the branches (P ϭ 0.0004), seeds per pod (P ϭ 0.011), and ICRISAT genebank. In the entire collection, 14 393 100-seed weight (P ϭ 0.006); (Table 2) . Between 92.3 accessions (84.7%) were from Asia, 1436 (8.5%) from to 100% of the variation range of the entire collection Africa, 619 (3.6%) from America, and 371 (2.2%) from was included in the core subset for plant height, days Europe. In the core subset the number of accessions to maturity, number of pods per plant, number of seeds included were 1579 (80.7%) from Asia, 200 (10.2%) per pod, and seed yield. In six out of eight remaining from Africa, 87 (4.5%) from America, and 60 (3.1%) traits the variation included ranged from 83.7 to 88.2%. from Europe. In Asia, South Asia accounted for 8002
For basal primary branches and apical primary branches accessions (47.1%) in the entire collection, and 870 acthe range variation included in the core was 62.3 and cessions (44.5%) in the core subset. Southwest Asia and 72.5%, respectively. These results indicated that the the Mediterranean, which are the two centers of primary chosen core subset is representative of the entire collecdiversity, accounted for 5540 (32.6%) and 402 (2.4%) tion and that the variation was preserved. accessions in the entire collection and for 588 (30.1%)
The analysis of frequency distribution, except tertiary and 53 (2.7%) accessions in the core subset, respectively. branches (P ϭ 0.006) and seeds per pod (P ϭ 0.002), Ethiopia, which is the secondary center of diversity for indicated homogeneity of distribution among the entire chickpea, accounted for only 928 (5.5%) accessions in and core subset (Table 3 ). The Wilcoxon rank-sum test the entire collection and 120 (6.1%) accessions in the also indicated that all the variables except days to matucore subset. Thus, Ethiopia appears underrepresented rity (P ϭ 0.013) have similar distribution in both the core subset and entire collection. Similarly for the 13 Table 3 . Chi-square test and probability for comparison of frequency distribution for 13 traits in core subset with the entire traits, which were not considered for selecting the core collection of chickpea.
subset because of availability of data, the means of 11 traits were not significantly different and the variances accessions evaluated had a rating of three on a 1-to-9 scale, where 1 ϭ resistant and 9 ϭ very susceptible. Only like botrytis gray mold, which is one of most destructive diseases of chickpea, the information on amount of varione of these accessions with a low score was included in the core subset.
ability present in the germplasm is very limited (only 531 accessions have been screened). Using the currently A proper and adequate sampling for developing a core collection should consider the conservation of pheavailable screening technique, it will take at least 10 yr to examine the entire germplasm collection. However, notypic associations arising from co-adapted gene complexes (Ortiz et al., 1998) . This core collection preserves the core subset would allow us to determine the amount of genetic variability in the entire germplasm collection the phenotypic correlations observed in the entire collection (Table 4 ). This clearly suggests that the coand possibly identify new sources of alleles for resistance within ≈1 yr. adapted gene complexes controlling these associations were properly sampled and that the selection of this
The development of the chickpea core subset helps in tackling new constraints that may arise because of core collection was adequate in this regard. The strong correlation among some of the traits like days to 50% new diseases or insect pests. Because the core subset represents the entire germplasm collection and seed of flowering, days to maturity (r ϭ 0.665 in entire collection, r ϭ 0.662 in core subset), seed yield, and number the core accessions are available, resistance sources to the new disease or an insect pest may be identified of pods per plant (r ϭ 0.603 in entire collection, r ϭ 0.589 in core subset) indicated that future characterization of rapidly. Additional sources of resistance can be found from the reserve collection and examined selectively germplasm may use only days to 50% flowering and seed yield. Both of these traits are less laborious to from the same cluster from which sources in the core subset have been identified. measure than days to maturity and pods per plant.
This core subset can be used very effectively as a The resources available for evaluation of germplasm are limited and dwindling steadily. Therefore, extensive starting point for research projects involving screening of the germplasm collection for sources of desirable evaluations of the entire germplasm collection are not possible. This core subset provides a working collection traits in chickpea. The information on clusters to which particular accessions with traits of interest belong will of chickpea germplasm that can be extensively examined for all economically important traits. The data genassist in looking extensively for more accessions with similar traits. For example, ICC 931 is the only line erated will provide the much needed information on genetic variability in chickpea and possible relationships in the core subset with a score of three on a 1-to-9 (resistant-very susceptible) scale for resistance to ascoamong traits. This information will assist further in the decision-making process to acquire new variability for chyta blight. This accession belongs to cluster 95 from Indian accessions. There are 50 accessions in the cluster a trait showing a very limited variation in the core subset. This chickpea core subset should be revised periodically containing ICC 931. Theoretically, these accessions may be similar to ICC 931 and also could be valuable sources as additional accessions and information becomes available. The list of chickpea entries included in the core of resistance. The core subset will also provide an efficient germplasm subset if it is not feasible to screen the subset with the name of country of origin, ICC number, and the cluster number are available on diskette, free entire germplasm collection. For example, in diseases 
